Abstract. In this paper, in situ observation of fracture process of short carbon fibers/epoxy (SCF/EP) composites was researched. The samples were prepared firstly. And then, in order to get high quality reconstruction images of carbon fiber-epoxy composites, experiments of in situ static observation of SCF/EP composites were carried out. As results, static 2D and 3D reconstruction images of fiber-epoxy composites were obtained. At last, a special small tensile testing device which can be used to apply extraneous force to small samples was designed. Based on the above work, in situ observation of fracture process of composites will be realized most probably in the next work.
Introduction
Recent studies have indicated that mechanical performance of the short fiber-reinforced polymers composites not only depends on matrix type, fiber type, fiber weight fraction, fiber orientation, fiber dispersion etc. but fiber-matrix interface and matrix morphology are also of paramount importance.
Many researches [1] [2] [3] [4] [5] indicated that macroscopic properties of composites are determined by microstructures in them. Synchrotron radiation computerized topography (SR-CT) is an advanced technique which allows for direct three-dimensional observations of damage in samples without destructing the samples [6] . So it is logical to apply SR-CT to the experimental observation of micro-structural damage evolution in samples. Some researchers made a few successful researches in this area [7] [8] [9] [10] . However, several factors limit the greater success of this experiment, such as the resolution of CCD camera, the close X-ray absorption coefficients of epoxy resin and carbon fiber, the difficulty to apply force load to small sample at synchrotron radiation station.
In this paper, in situ observation of fracture process of short carbon fibers/epoxy (SCF/EP) composites was researched. Firstly, two types of samples were made. One is consisted of non-treated SCFs and epoxy resin. The other is consisted of oxygen treated SCFs and epoxy resin. In order to prove that SR-CT technique could be applied to the observation of SCF/EP composites, especially high resolution images of SCF/EP composites could be got, experiments on in situ static observation of SCF/EP composites were carried out. And much clearer reconstruction images of SCF/EP composites are presented compared to that reported before [9, 10] . As the last stage, a special small tensile testing device which can be used to apply extraneous force to small samples when the samples were observed with synchrotron radiation X-ray was designed. So high resolution in situ observation of fracture process of SCF/EP composites is feasible.
Excellent Mechanical Properties of Composite Materials
Epoxy resin CYD-128, a low viscosity (viscosity≤2.5 Pa S at o 40 C ) type diglycidyl ether of biphenol-A resin, and a hardener (2-ethylic-4-methyl imidazole, EMMZ) were used as the matrix. Polyacrylonitrile (PAN)-based carbon fibers were used as the reinforcements, which have a average diameter of 7 um . The length-diameter ratio of short carbon fibers (SCF) is 10:1. For the oxidative treatment, the carbon fibers were oxidized in a furnace at o 600 C for 1h.
The SCF, non-treated or oxidation treated, were dispersed in matrix using a ultrasonic dispersion machine. And the mixture was cast into a stainless steel mold and was cured at o 120 C in an oven under atmospheric pressure for 4 h. The shape and size of the samples are shown in Fig. 1 . And the thickness of the samples is about 4mm. Finally, 5 dog-bone shaped flat composite specimens of each type were obtained. It can be seen that, with the addition of non-treated SCF (20wt%) and oxidation treated SCF(20wt%), the tensile strength increased by 18% and 31%, respectively. The tensile modulus increased by 219% and 216%, respectively. The tensile strength of oxidation treated samples and elongation at break are higher than that of non-treated samples. This could be attributed to the enhancement of the interfacial adhesion strength of the fiber and matrix after fiber surface treatment [5] .
The elongation at break was reduced greatly with the addition of both non-treated SCF and oxidation treated SCF. It may be because of that the elongation at break of SCF is much lower than that of epoxy resin. In the process of force loading, the SCF has undertaken the majority of force load. If the SCF was broken firstly, the sample would be broken immediately.
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SR-CT Experiment
In Situ Observation of SCF/EP Composites. In order to realize in situ observation of fracture process of fiber/epoxy composites, the first step is to get high resolution reconstruction images of the samples. So experiments on in situ static observation of SCF/EP composites were carried out. Both carbon fiber and epoxy resin are weak absorption materials for x-rays. Because of the close X-ray absorption coefficients of epoxy resin and carbon fiber, it is difficult to get clear reconstruction images of carbon fiber/epoxy samples with conventional absorption imaging method. This problem can be overcome by using information from phase shifts occurring in X-rays going through different material phases, which is the phase-contrast (PHC) imaging techniques.
For x-rays the complex refractive index is [11]:
In absorption-contrast it is thus the quantity β that is reconstructed. This is related to the absorption length µ:
Where is wavelength of the X-rays. In phase-contrast tomography the real part, δ, of the refractive index is reconstructed. And δ is directly related to the electron density, e ρ : is the Thomson scattering length. The advantage for phase-contrast imaging is that the δ is three orders of magnitude larger than the β for weak absorption materials. For water at 17.6 keV, In general, phase information can be accessed if the X-ray source has a high spatial coherence as for synchrotron radiation facilities, like SSRF in Shanghai. Several methods for phase-sensitive radiology have been reported recently [12] . Among these, the operation of phase contrast (PHC) radiography is very simple: the PHC set-up is the same of traditional radiography. And the difference between them is that the CCD camera is positioned at a certain distance d from the sample [13, 14] for PHC radiography. The distance d depends on the size a of the feature to be identified and the wavelength λ of the X-rays. 
The Specimens with non-treated SCF used in SR-CT Experiment were made according to the same processes described in part 2, with a dimension of . Experiments were performed on beamline BL13W1 in the Shanghai synchrotron radiation facility (SSRF). The samples were placed at a distance of 14 cm from a 14 bit dynamic, CCD camera with a 2048 2048 × pixel array. An isotropic voxel size of Fig. 3 is the reconstruction image of the cross-section of sample. In this figure, the white part indicates the short carbon fibers (SCF), and the rest indicates the epoxy and air. This fig. shows the distribution of short carbon fibers on the cross-section of sample, especially shows the fiber-epoxy interfaces and the epoxy-air interfaces clearly. Fig. 4 is the 3-D reconstruction image of the same sample. It is consist of 500 images of cross-section reconstruction image, such as Fig. 3 . In Fig. 4 , the epoxy resin has been filtered out, so there are only SCF in the image. In order to realize the in situ observation of fracture process of fiber/epoxy composites, it also needs a device which could be used to apply extraneous force to small samples when the samples were observed with synchrotron radiation X-rays. So a special small tensile testing device was designed.
This device is manufacturing by Science and Technology Development Co. Ltd., Createk, Beijing. It is consists of drive components, force measuring components, clamping components, supporting components and other components.
The base of the sample is matched to the rotating platform at SSRF. The schematic diagram and main performance parameters of this device are shown in Fig. 5 and Table 1 , respectively.
Conclusion
In situ observation of fracture process of short carbon fiber-epoxy composites was researched.
Mechanical properties of composites were tested firstly. The results showed that the tensile strength and tensile modulus of materials are greatly increased with the addition of SCF, especially oxidation treated SCF. Meanwhile, the elongation at break is reduced greatly with the addition of both non-treated SCF and oxidation treated SCF. In order to get high quality reconstruction images of carbon fiber-epoxy composites, experiments of in situ static observation of SCF/EP composites were carried out. With phase-contrast tomography, high resolution reconstruction images of SCF/EP composites had been got. It is the basis for the further work on in situ observation of fracture process of composites. A special and small tensile testing device which could be used to apply force load to very small samples at SSRF was designed. This device has a very small displacement step and a high accuracy of force measuring. The successful development of this device provides a tool for further in situ observation of fracture process of composites. Based on the above work, in situ observation of fracture process of composites will be realized most probably in the next work.
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